The aim of this study was to assess the nationwide use of epidural analgesia (EA) and the incidence of postoperative complications in patients undergoing major liver resections (MLR) with and without EA in the United States. The 2001 to 2010 Nationwide Inpatient Sample was queried to identify adult patients undergoing MLR. A 1:1 matched cohort of patients having MLR with and without EA was assembled using propensity-score matching techniques. Differences in the rate of postoperative complications were compared between the matched groups. We identified 68,028 MLR. Overall, 5.9% of patients in the database had procedural codes for postoperative EA. A matched cohort of 802 patients per group was derived from the propensity-matching algorithm. Although use of EA was associated with more blood transfusions (relative risk, 1.36; 95% confidence interval, 1.12-1.65; P = 0.001) and longer hospital stay (median [interquartile range], 6 [5] [6] [7] [8] vs 6 [4] [5] [6] [7] [8] days), the use of coagulation factors and the incidence of postoperative hemorrhage/hematomas or other postoperative complications were not higher in patients receiving EA. In conclusion, the use of EA for MLR is low, and EA does not seem to influence the incidence of postoperative complications. EA, however, was associated with an increased use of blood transfusions and a longer hospital stay. L iver resection is a major abdominal surgical procedure with a high risk of postoperative morbidity and mortality (1) . Pain after liver resection can be intense and prolonged (2, 3) . Inadequate pain management can lead to increased postoperative morbidity and delayed recovery (4) . Epidural analgesia has been shown to provide excellent dynamic pain relief as well as improve postoperative pulmonary, cardiovascular, and gastrointestinal function (2, (5) (6) (7) (8) (9) . Epidural analgesia can enhance rehabilitation and reduce hospital length of stay after major abdominal surgical procedures, presumably due to superior pain relief as well as reduced opioid use and reduced opioid-related adverse eff ects (10, 11) . Recent studies have shown that the use of epidural analgesia as part of a fast track protocol-enhanced recovery can reduce hospital stay after liver resection (12, 13) . However, the use of epidural analgesia in patients undergoing liver resection remains controversial (3), probably due to concerns for postoperative coagulation disturbances and subsequent catastrophic neurologic injuries resulting from epidural hematoma (14, 15) . In addition, routine use of epidural analgesia is being increasingly questioned due to its several potential adverse eff ects (16) (17) (18) . Current patterns of use of epidural analgesia for liver resection in the US are unknown. Furthermore, data on the benefi ts and incidence of complications related to the use of epidural analgesia for liver surgery are scant (2, 3) . Th e purpose of this study was to examine the utilization and associated complications of epidural analgesia in patients undergoing open liver resection surgery in the US. We hypothesized that use of epidural analgesia would improve perioperative outcomes after major liver resection surgery. Th e Nationwide Inpatient Sample (NIS), the largest all-payer inpatient database in the US, was used for this purpose.
METHODS
Th e population for this study consisted of adult patients undergoing major liver resections (excluding liver transplants) in the US. Data were obtained from the 2001 to 2010 NIS datasets from the Healthcare Cost and Utilization Project of the Agency for Health Care Research and Quality (19) . Th e NIS is a stratifi ed probability sample representing 20% of the universe of US community nonrehabilitation hospitals. To ensure nationwide representativeness, the NIS sampling strategy stratifi es hospitals according to fi ve characteristics: geographic region, control (public vs private), urban or rural location, teaching status, and bed size. Once a hospital is selected for the NIS in a specifi c year, all of its discharge data are included in the survey in that year. Approximately 8 million hospital discharges from about 1000 hospitals are available in the database each year. Th e number of states contributing to the NIS has been increasing over time, with 33 states contributing in 2001 and 45 states contributing in 2010. Given the deidentifi ed and publicly available nature of the NIS data, the study was determined to be exempt from review by the University of Texas Southwestern Medical Center institutional review board.
Hospital (20) . Furthermore, the Deyo adaptation of the Charlson comorbidity index was calculated for each patient based on ICD-9-CM diagnosis codes available from the database. Th e Charlson comorbidity index is a validated measure for use with administrative data that correlates with in-hospital morbidity and mortality after surgical procedures (21) . Charlson scores were further collapsed into three categories: 0; 1 to 2; and ≥ 3. Geographic region was defi ned according to the hospital's census region in Northeast, Midwest or North Central, South, and West. Hospital characteristics including teaching status of hospital (teaching vs nonteaching), location of hospital (urban vs rural), and bed size (small, medium, large) are provided as separate variables in the NIS.
Based on ICD-9-CM codes assigned to the principal diagnosis, cases were categorized as primary malignant neoplasm of the liver or bile ducts (155.0-156.9), secondary malignant neoplasm of the liver (197.7), and other benign diseases of the liver (211.5, 572-576). Cirrhosis and other chronic liver diseases were identifi ed by the codes 571.0-571.9 and chronic viral hepatitis B and C using codes 070.2, 070.3, and 070.7.
Variables were created to adjust for the eff ect of the type of principal diagnosis on outcomes.
Th e outcomes of interest for the study included any complication related to the use of epidural analgesia (e.g., spinal hemorrhage/hematoma or abscess, spinal ischemia, spinal decompression, or procedures that may have been performed when a complication of epidural analgesia was suspected, such as spinal magnetic resonance imaging [MRI]/computed tomography [CT] scans and transfusion of coagulation factors), as well as the incidence of any postoperative adverse events including in-hospital death, respiratory failure, pneumonia, ileus, pulmonary embolism or deep vein thrombosis, urinary retention, myocardial infarction, and acute renal failure. In addition, hospital length of stay was compared between the groups. All the endpoints were selected a priori based on current literature on use of epidural analgesia for major abdominal surgery (5, 7, 22, 23) . In-hospital death was determined directly from a variable present in the database. In-hospital postoperative adverse events were determined from the diagnostic and procedure ICD-9-CM codes.
Baseline characteristics of patients undergoing liver resections with and without epidural analgesia were described using univariate analyses of the weighted NIS data. Weighted analyses on the nonmatched sample were conducted using the SURVEY FREQ, SURVEY REG, and SURVEY MEANS procedures of the SAS software, to account for the NIS survey design. Continuous variables are summarized as means ± standard deviations, except for heavily skewed distributions, which are reported as medians and interquartile ranges. Discrete variables are presented as frequencies and group percentages. Trends in the use of epidural analgesia for liver resection across the study period were assessed with the Cochran-Armitage trend test.
A 1:1 matched cohort of patients receiving or not receiving epidural analgesia was created based on propensity scores derived from a logistic regression model (constructed to estimate the conditional probability for receiving epidural analgesia). Th e independent variables included in the regression model for propensity scores consisted of demographic characteristics, comorbidity score, type of principal diagnosis, comorbidities such as cirrhosis and chronic viral hepatitis, type of health care insurance, and hospital characteristics. Propensity matching was done using a greedy 8 to 1 digit-matching algorithm technique. Diff erences in the incidence of postoperative adverse events were assessed between the matched groups using McNemar's tests. Relative risks with 95% confi dence intervals were calculated for each outcome. Due to its positively skewed distribution, hospital length of stay was described as medians and interquartile ranges and compared between the matched groups using Wilcoxon signed-rank tests. All statistical tests were two-tailed, and a P value of 0.05 was considered statistically signifi cant. SAS 9.2 software (Cary, NC) was used for all the analyses. (Figure 1a) . Most liver resections were performed for treatment of cancer: 51.3% for metastatic liver disease and 18.2% for primary carcinomas of the liver or bile ducts. About one-third of liver resections (33.7%) were associated with a principal diagnosis of benign neoplasms or other benign diseases of the liver. Figure 1b displays the percentage of patients receiving epidural analgesia for major liver resections in the US across the study period. Overall, epidural analgesia was administered in 5.9% (n = 4044) of the patients. In 2001, epidural analgesia was used in 7.2% of the cases, while in 2010 it was used in 6.7% of the cases. However, there was not a statistically signifi cant linear trend towards decreasing use of epidural analgesia across the study period (P for trend = 0.108; Cochran-Armitage trend test). Table 1 describes the baseline clinical, demographic, and hospital characteristics of patients undergoing major liver resections with and without the use of epidural analgesia in 2001 to 2010 in the nonmatched cohort. Although there were no signifi cant diff erences in the age distributions, patients receiving epidural analgesia had higher comorbidity scores than those without epidural analgesia. Also, metastatic liver disease was more common among patients receiving epidural analgesia (60.3% vs 51.3%; P < 0.0001). In contrast, the prevalence of hepatic cirrhosis was lower among patients having epidural analgesia (8.0% vs 11.5%, P = 0.006). Hospital characteristics, such as teaching status, bed size, or urban/rural location of the hospital, were not associated with diff erences in the use of epidural analgesia for liver resection.
None of the patients in either group experienced any complication directly related to the use of epidural catheters (including spinal ischemia, abscess, or hematoma) or any event indicating that any of these complications was suspected or treated (including use of spinal MRIs or CT scans or procedures for decompression of the spinal cord). Univariate analyses of perioperative outcomes in the unmatched sample are displayed in Table 2 . Th e unadjusted rate of perioperative blood transfusions and postoperative atelectasis was higher in the group receiving epidural analgesia. However, the incidence of other adverse events was not statistically diff erent between the groups. Table 3 describes the baseline characteristics of patients in the propensity-matched sample. A cohort of 802 patients not receiving epidural analgesia and 802 patients receiving epidural analgesia for liver resections, well balanced on baseline characteristics, was derived from the propensity-matching algorithm. Th e rate of in-hospital mortality was the same in both groups (2.1%). Th e matched analyses confi rmed that patients receiving epidurals were signifi cantly more likely to have transfusion of blood products during the hospitalization (24.3% vs 17.8%; relative risk = 1.36; 95% confi dence interval = 1.12 to 1.65; P = 0.001). However, the use of transfusion of coagulation factors (6.2% vs 6.2%, P = 1.000) and the incidence of postoperative hemorrhage or hematomas (2.6% vs 3.4%, P = 0.379) was similar between the groups. In the propensity-matched cohort, the use of epidural analgesia was not associated with diff erences in the incidence of postoperative respiratory complications (respiratory failure, pneumonia, atelectasis), cardiac complications or myocardial infarction, thrombotic events, acute renal failure, ileus, sepsis, or urinary complications (Table 4) . Finally, the length of hospital stay (median, [interquartile range]) was 6 [5] [6] [7] [8] days vs 6 [4] [5] [6] [7] [8] days for patients with and without epidurals, respectively. 
DISCUSSION
Th is study of a large cohort of patients undergoing major liver resection shows that epidural analgesia is not widely used in this patient population. Despite the increase in the number of states contributing data to the NIS between 2001 and 2010, the sampling methodology of the database has not changed during that period of time. Th erefore, our fi ndings suggest that major liver resections are increasing in the US (Figure 1a) . Although there was not a signifi cant linear trend in the use of epidural analgesia for major liver resections during the study period, a notable decrease was observed in 2007 (Figure 1b) . However, with the data available, we cannot determine if this dip is a true decrease in the use of epidural analgesia or the eff ect of undercoding the procedure.
Th e propensity-matching technique allowed for a more robust comparison between the patients who received epidural analgesia and those who did not, because all the observable variables such as demographics, comorbidities, type of facility, and type of surgical procedure were well balanced between the groups. Except for an increased incidence of blood transfusions in the epidural group, the propensity matching analyses revealed similar rates of postoperative complications despite the use of epidural analgesia.
One would assume that epidural analgesia would be used more often in teaching hospitals, particularly in larger hospitals with acute pain services. However, we found that hospital characteristics (e.g., teaching status, size, and location) did not infl uence the use of epidural analgesia. It is possible that the reports of lack of benefi ts of epidural analgesia (25, 26) combined with the concerns of potential complications may have resulted in the reduced use of epidural analgesia (27) (28) (29) . In addition, the use of epidural analgesia may have been infl uenced by the reports of the high failure rate of epidural analgesia (30) . Also, use of epidural analgesia may have been further reduced due to the reports of similar postoperative outcomes with the use of rational multimodal analgesia techniques (31) .
Th ere are several observations that are worth noting. Th e prevalence of hepatic cirrhosis was lower among the patients receiving epidural analgesia, probably due to concerns of coagulopathy and epidural hematoma in patients with cirrhosis. Patients receiving epidural analgesia had higher comorbidity scores and metastatic liver disease. Th is suggests a preferential use of epidural analgesia in sicker patients, indicating that epidural analgesia was considered an appropriate analgesic technique for pain management in the sicker patients undergoing liver resection. Despite the higher comorbidity burden in the patients receiving epidural analgesia, the incidence of complications, including mortality, was similar. Th is may suggest that epidural analgesia may off er some protection against postoperative complications in the high-risk population.
Patients receiving epidural analgesia were more likely to receive transfusion during their hospital stay. Although the reasons for this observation are not clear, it is possible that the patients in the epidural group received larger amounts of crystalloids (3), probably due to vasodilation caused by sympathetic blockade from epidural analgesia. Th e resulting hemodilution, therefore, may have triggered blood transfusion. Also, because the patients in the epidural group were sicker, higher hematocrit levels may have been maintained in this patient group. Of note, the use of coagulation factors and the incidence of hemorrhage and hematoma formation were similar with or without epidural analgesia.
Interestingly, we found that the patients receiving epidural analgesia had a longer hospital stay. Similar observations have been reported in patients undergoing colonic resection (24) . It is possible that the delayed discharge was due to the higher comorbidities in the group that received epidural analgesia. Also, we can speculate that the longer hospital stay may be related to unplanned delays in epidural catheter removal because of concerns of epidural hematoma related to inadequate postoperative coagulation (32) . However, we could not confi rm this observation because the NIS datasets do not provide information on laboratory test results or timing of removal of the epidural catheters.
Although we studied a large nationwide sample, this study has several limitations related to the use of administrative datasets. Retrospective analysis prohibits examination and incorporation of factors other than those provided in the dataset. Th ere is a lack of clinical information, including the details of analgesic regimens used in the nonepidural analgesia population as well as the details regarding the epidural analgesia regimens. In addition, there is no information on the degree of pain relief as well as some outcome measures such as time to ambulation. Unfortunately, the restricted use of epidural analgesia (i.e., limited sample size afforded from this database) limits our ability to assess diff erences in outcomes, particularly in complications with a very low incidence such as epidural hematoma or abscess formation.
